Objective. To study the relationship between tension-type headaches and the oculomotor system in terms of binocular coordination, mechanosensitivity of the supraorbital nerve, and myofascial trigger points in the lateral rectus muscle, assessing the influence of visual effort caused by using a computer at work.
Introduction
Tension-type headaches (TTH) are the most common type of primary headache at all ages [1] . Their prevalence ranges from 10.8% to 37.3%, with a weighted mean of 13% [2] , and they have a significant socioeconomic impact as they are responsible for around 9% of sick leave per year [3] . In recent studies, it has been estimated that the mean cost per person with TTH is e303 a year, and that the total cost is e21 million [4] .
Furthermore, TTH can have a serious effect on health, in some cases being associated with pathological conditions such as hypothyroidism, hypertensive crises, fibromyalgia, sleep disturbances, and sexual dysfunction, as well as psychological disorders such as anxiety and depression [5] . TTH are usually accompanied by a significant reduction in the quality of life, a marked tendency to chronicity, and therefore a strong negative impact on degree of disability [3] .
Extensive research has been conducted to determine the diagnostic criteria for TTH in order to differentiate these from other types of primary headaches such as migraines, and thus obtain a more specific diagnosis and treatment and, consequently, better results [1] .
The aetiological mechanisms of TTH are not fully established despite the research performed in recent years. However, the following factors have been associated with TTH: disorders in the trochlear region [6] , central sensitisation of the trigeminal nerve [7, 8] , and referred muscle pain [1, 9] .
In addition, the oculomotor system is strongly related to these factors and the symptoms of TTH in the following ways.
First, disorders in the trochlear region cause orbital pain. These can induce a degree of excitement in the extraocular muscles (EOM) and disrupt their dynamics [10] . In addition, myofascial trigger points (MTP) have been described in the lateral rectus EOM that may cause the pain characteristic of TTH [11] .
Second, sensory innervation of the EOM is provided by the supraorbital branch of the trigeminal nerve [7] . Consequently, disorders of this muscle can cause the pain characteristic of TTH as well as mechanosensitivity of the supraorbital nerve itself [12] .
Furthermore, some authors have found a relationship between TTH and various disorders of binocular coordination (BC). This type of vision is conditioned by the balance maintained by the EOM so that ocular motility allows optimal BC. In this respect, it is of particular interest that a reduction in the speed of smooth pursuit and saccadic eye movements has been described in subjects with TTH compared with healthy subjects [13] .
Lastly, visual effort, that is, overworking the visual system by gazing for a long time under inappropriate conditions, for example staring at a computer screen, using bifocals or reading in inappropriate ergonomic conditions (insufficient lighting or excessive proximity to the material viewed), has been described as a cause of disruption to ocular motility [14] [15] [16] and consequently of the symptomatology of TTH [17, 18] . It is therefore significant that the use of devices that require excessive visual effort, such as e-books and mobile phones, has now become habitual in society, as has, above all, the use of computers at work, which it has been claimed are used in about 75% of jobs [17] .
Consequently, the main aim of the research reported here is to study the structures and function of the oculomotor system and the association with TTH as a better understanding of this relationship is required in order to identify an optimal therapeutic approach in patients with this highly prevalent disorder. Thus, an examination was conducted of the supraorbital nerve pressure pain threshold, the existence of pain and MTP in the lateral rectus, and BC in smooth pursuit movements in healthy subjects and subjects with TTH. No previous studies were identified that had examined this latter relationship. In addition, an assessment was performed of the effect of excessive visual effort caused by using a computer all day at work in order to elucidate the relationship between this widespread practice in today's society and TTH. An innovative video recording system was used in this study to analyze BC in smooth pursuit.
Methods

Design
Observational study with blind evaluation of the response variables. The study was conducted within the BDO Auditores company between the 1st and 29th of June, 2012, having previously been approved by the Ethics Committee of the University Hospital of La Princesa (ref. code: PI-587).
Subjects
Study participants consisted of BDO Auditores employees age 26 to 46 years whose tasks required them to use a computer at work for at least four hours a day [19] . These tasks comprised routine computer work with breaks every two or three hours.
The inclusion criteria for cases of TTH comprised the diagnostic criteria established by the International Headache Society, based on the following factors [1] :
• Between 12 and 180 episodes of headache a year.
• Headache lasting from 30 minutes to seven days.
• Headache consisting of dull bilateral pain in the frontal and temporal area, of moderate or mild intensity, with the sensation of a band of pressure, which is not aggravated by routine physical activity such as climbing stairs or walking, is not associated with nausea or vomiting, and may be associated with photophobia or phonophobia.
Subjects in both groups were excluded if they presented visual problems of heterotropia, had any degenerative disease or pathology in which headache was a symptom, or met any criteria for other types of primary headache [1] . Subjects with TTH were examined on days when they presented a headache score of less than or equal to 3 on the verbal numerical scale, which ranges from 0 to 10 [11, 12] .
Study Variables, Instruments, and Methods of Measurement
Myofascial Trigger Points in the Extraocular Lateral Rectus Muscle
An MTP is a hyperirritable area in a skeletal muscle associated with a hypersensitive, palpable nodule located in a taut band. The area is painful to compression and/or stretching and may give rise to a characteristic referred pain, hypersensitivity to referred pressure, motor dysfunction, and autonomic phenomena [20] . It has been shown that evaluation of these MTP via physical examination presents a high degree of reliability if performed by therapists with a suitable degree of training in identification of the same [21] .
The diagnostic criterion used was an adaptation of the criteria established by Simons DG and Gerwin RD for the evaluation of MTP of the lateral rectus [20] . A modification of these criteria has also been used in previous studies [11] . For evaluation, pressure was applied to the anatomical projection of the lateral rectus, in the lateral corner of the orbit, for 20 seconds. Maintaining the pressure, the subject was asked to perform active stretching of the muscle for 15 seconds while sustaining a medial gaze with the eye under examination. The following assessments were carried out: evaluation of local pain in response to pressure, and evaluation during active stretching of referred pain in the frontal and temporal areas homolateral to the same MTP.
Both the local and the referred pain were measured using the verbal numerical scale, which is a subjective scale intended to quantify the intensity of the subject's pain at a given moment. The verbal numerical scale consists of an 11-point scale where 0 ¼ no pain and 10 ¼ the worst pain imaginable. Test-retest reliability is 0.95, and validity is 0.87 (0.85-0.90) [21] .
Pressure Pain Threshold of the Supraorbital Nerve
The pressure pain threshold (PPT) is defined as the minimum pressure applied that induces pain, that is, the force required for a sensation of pressure to evoke the onset of pain. This variable was assessed using a Wagner pressure algometer (FPX 10 model, marketed by PainDiagnostic&Termography), a measuring instrument that consists of a sphere that records pressure measured in Kg/cm 2 , and a tube leading from the sphere and terminating in a rubber covered end measuring 1 cm 2 . To perform a measurement, perpendicular pressure is applied to the surface that is to be measured using the end of the tube described above. The instrument has been shown to present intra-and interrater validity and reliability, rendering it a useful tool for measuring the PPT and evaluating the mechanosensitivity of various tissues, including muscles, the abdominal wall, and, as in this case, peripheral nerves [11, 22] .
Evaluation of the supraorbital nerve PPT was carried out bilaterally, using the following procedure for both sides in a random order and in the same way for both groups: first, the supraorbital nerve was located by palpation along the upper orbital part of the frontal bone from the medial margin to the orbital foramen. A dermographic pencil was then used to mark the site where algometry would be performed after waiting for an interval of three minutes so as not to affect the PPT result. After this time, perpendicular pressure was applied to the marked area with a constant rhythm at a moderate speed. Three algometric measurements were taken from each side to ensure intra-rater reliability, and the mean was obtained from the two lowest measurements [20, 22, 23] .
Binocular Coordination in Smooth Pursuit
Smooth pursuit is defined as continuous, voluntary eye movements made to maintain images of interest in the fovea (a small central retinal area of high visual acuity [23] ) when an object is slowly moved at a speed of less than 100 /s [24] [25] [26] . BC in smooth pursuit is the capacity of the oculomotor system to balance the different eye movements of both eyes to ensure stable vision [25, 26] .
This variable was assessed in the present study using the difference between both eyes in displacement when following an object through horizontal and vertical movements at a constant speed of 40 /s.
To perform this examination, a video recording device was constructed that fulfilled the following requirements: recording at a distance greater than 50 cm to avoid ocular convergence or divergence [26] ; maintaining horizontal and vertical eye movements at a constant speed of 40 /s; stopping for 20 seconds between each eye movement; and emitting a beep three seconds before each such movement to alert the subject [27] . The recording equipment was mounted as follows: an opaque cloth with an opening in the middle for a digital camera lens was placed 55 cm from the table, and the camera was connected to a display screen to monitor the recording. In addition, a projector was placed at the head of the examination table and positioned at the necessary angle for projecting an image of a moving point onto the surface of the above-mentioned cloth in such a way that subjects could follow it with their eyes ( Figure  1) . Projection of the moving point was programmed to stop for 20 seconds between each movement and emit a beep three seconds before commencing each of the movements.
This system was used to conduct the following procedure in the same way for all subjects in both groups.
First, subjects for assessment were asked to lie in a supine position placing their head within an area marked on the examination table so that their eyes focused Oculomotor System in Tension-Type Headache below the camera lens and their head was in a neutral position. The assessor ensured that subjects were correctly positioned by means of the display screen connected to the camera. Then, the subject's head was stabilized with a strap to prevent compensation from the cervical region.
Second, the test was explained to the subjects, and they were instructed to follow the point being projected onto the cloth with both eyes without moving the cervical region, clarifying that this was the reason for employing head restraint. Subjects were also informed of the previously described conditions of rest between each movement and the beep. Prior to measurement, a trial test was performed to familiarize subjects with performance of the test.
Lastly, the oculomotor test was conducted maintaining restraint of the cervical region at all times while the assessor observed the display connected to the camera in order to monitor that the test was proceeding correctly.
Once the recording had been obtained, it was processed using the video editing software VirtualDub version 1.9.11, which enables collection of images at intervals of less than 0.05 seconds. This software made it possible to track eye movements exhaustively and therefore facilitated more accurate data analysis. In addition, Digital Micrograph version 3.7.1.6 software, used in high-precision devices such as transmission electron microscopes, was employed to measure eye dimensions, calculate the distance traveled, and collect data using pixels as the unit of measurement and following the steps described below.
First, the size of each of the eyes was measured, measuring both the cornea and the iris visible when the eyelids were open normally (Figure 2) . This made it possible to calculate eye movement exclusively on the basis of the time taken to travel a relative distance and prevented greater or lesser eye size from influencing the time spent.
Second, preliminary eye measurements were used to determine and obtain position data for each of the eyes Lastly, BC in smooth pursuit was calculated using the difference between the mean movement for each eye. Thus, a measurement in pixels was obtained that showed the difference in motility of one eye relative to the other in smooth pursuit movements on vertical and horizontal planes. The higher the value for this variable, the greater the dysfunction in BC in a given smooth pursuit.
To ensure intrarater reliability as far as possible, the different variables in the study were measured by an assessor who was a specialist in manual therapy and had been highly trained to carry out scans and tests.
Procedure
All the study participants signed an informed consent form to participate in the study. Furthermore, they were guaranteed confidentiality of information in accordance with the Data Protection Law RD 15/99 and were given an information sheet explaining the research objectives and procedure. They were instructed not to consume any kind of analgesic, muscle relaxant, drug, or alcohol 48 hours before the tests [28] , or any kind of stimulant drink such as tea or coffee on the day of the tests [29] .
Study participants were also administered a questionnaire consisting of yes/no and open-ended questions in order to identify subjects who met the criteria for a TTH as described by the International Headache Society [1] . Figure 1 Diagram of the video recording equipment used to evaluate binocular coordination in smooth pursuit.
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To confirm the diagnosis of TTH, subjects maintained a headache diary [30] .
The same research procedure was applied to both the TTH group and the healthy group of subjects.
Tests were performed on 21 different days, from the 1st to the 29th of June 2012, randomly assigning appointments to the subjects for a given day. The two assessments, before and after visual effort, were performed on the same day for each patient: First, subjects were Considering the dimensions of the eyeball and iris as described in Figure 2 the distance traveled independently by each eye in each smooth pursuit was measured. This example shows how the measurement was per formed for horizontal movements, and more specifically for dextroversion: For the right eye, the distance from the center of the edge of the iris to the visible inner corner of the eyeball was taken as reference. For the left eye, the distance between the center of the edge of the iris and the visible external corner of the eyeball was taken as reference. Three measurements were taken: the initial position (distance at rest), the extreme position (maximum distance traveled), and the intermediate position (distance traveled in half the time that it took each eye to travel from the initial position to the extreme position).
given an appointment before the start of their workday, with a fixed day and time to avoid waiting and overlaps. The three measurements were always taken in the same order: oculomotor test, assessment of lateral rectus pain and MTP, and algometric measurement of the supraorbital nerve PPT.
Second, subjects were given another appointment exactly four hours after the initial assessment, during which interval they had been using a computer for work. In the second appointment, the assessment and tests were repeated in the same order and using the same procedure to determine the influence of visual effort on the results.
For each subject, the measurement procedure took around 10 to 15 minutes for the initial session before visual effort and five to 10 minutes for the session after four hours of work.
Data Analysis
An analysis was performed to determine whether the variables presented a normal distribution, using the Kolmogorov-Smirnov test. For the pain variables, values for the right and left sides were compared by two-way analysis of variance; no significant differences were found, and thus for both groups the mean for both sides was considered for each variable.
A descriptive analysis was performed of the study population at baseline by calculating proportions or percentages for the qualitative variables and means and standard deviations for the quantitative variables.
The chi-square test was used for between-group comparison of qualitative variables. Quantitative variables with a normal distribution (i.e., BC) were analyzed using the parametric Student's t test for between-group comparison (both before and after visual effort) and the Student's t test for paired data for within-group comparison before-after visual effort. Quantitative variables without this normal distribution (i.e., the supraorbital nerve PPT and local and referred pain of the MTP) were analyzed by the nonparametric Mann-Whitney U test for between-group comparison (both before and after visual effort) and the Wilcoxon test for within-group comparison before-after visual effort.
Statistical significance was set at a P value of less than 0.05.
Data were analyzed using SPSS version 17.0.
Results
The 35 subjects who participated in this study ( Figure 4 A between-group comparison of the supraorbital nerve PPT and local and referred pain of the lateral rectus EOM before visual effort revealed statistically significant differences; the TTH group presented greater sensitivity and pain than the healthy group (supraorbital nerve PPT P < 0.001; MTP local pain P ¼ 0.006; MTP referred pain P ¼ 0.004; Mann-Whitney U test). A comparison of these same pain variables in each of the groups' before-after visual effort revealed a statistically significant increase in sensitivity and pain after visual effort in both groups, the only exception being MTP referred pain in the healthy group (Table 1) .
Meanwhile, a between-group comparison of BC before visual effort revealed no statistically significant differences for any of the eye movements (Table 2) .
However, an analysis of difference of means for BC after visual effort revealed statistically significant differences between both groups, whereby TTH subjects presented greater deterioration of BC than healthy subjects (Table 3 ). Figure 5 shows the evolution of BC on the horizontal plane before-after visual effort in both groups; statistically significant differences were only found in the TTH group (P < 0.001) for dextroversion and levoversion on the horizontal plane. No significant differences were found for movements on the vertical plane.
Discussion
This study shows that subjects with TTH presented greater mechanosensitivity of the orbital region as this group was observed to experience greater pain in the extraocular muscles of the lateral rectus and a lower supraorbital nerve PPT compared with healthy subjects. Furthermore, visual effort was found to significantly aggravate these variables in both groups.
Meanwhile, BC in smooth pursuit after visual effort was only significantly affected in the group with TTH, in which a substantial disturbance in horizontal movements was observed. However, in the absence of visual effort, no differences in this BC were found between the study groups.
Other studies have also examined the relationship between TTH and the oculomotor system and visual effort. First, previous studies have shown a lower supraorbital nerve PPT [11] and a higher prevalence of Figure 4 Flow diagram of progression through the study stages. TTH ¼ tension-type headache. trigger points in the lateral rectus muscle [12] in subjects with TTH. Apart from confirming these findings, the present study represents a step forward in that it analyzed the effect on these variables of visual effort involving computer use.
Second, several studies have proposed a relationship between the visual system and TTH. A reduction has been identified in the speed of voluntary saccadic movements (the movements responsible for rapidly moving the fovea toward the image of an object in the visual field at a speed higher than 400 /s to 700 /s [13] ) and smooth pursuit in subjects with TTH compared with healthy subjects. On the other hand, fixation disparity (the difference between two images on the retina when looking at a visual stimulus that occurs because the two 
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Figure 5 Evolution of binocular coordination before-after visual effort on the horizontal plane in both groups. Significant differences (P < 0.001) were only found in the tension-type headache group for dextroversion and levoversion on the horizontal plane. retinas do not have the same view of the stimulus due to the position of our eyes; thus, the left eye does not have exactly the same view as the right eye) and heterophoria (functional disturbance of binocular vision that causes a latent deviation in the direction the eyes are pointing when in a resting position) are also associated with TTH [17] . Similarly, a relationship has been described between this condition and the monocular blur effect, a phenomenon that causes a reduction in the visual acuity of an eye when performing smooth pursuit [31] . However, the novelty of the present research is that it measured BC in smooth pursuit and the effect on this variable of visual effort involving computer use.
Third, various studies have associated visual effort with certain vision conditions that, as has already been mentioned, are in turn related to TTH. Several authors have defined "computer vision syndrome" as a set of visual symptoms associated with working on a computer for a long time, including blurred vision, ocular discomfort, diplopia, dry eyes, and headaches [16] . Other authors have associated visual effort with heterophoria and fixation disparity [14, 15] . It should be noted that the present study included an analysis of the influence of visual effort on patients with TTH, confirming the relationship between this type of effort and visual system disturbances in patients with this condition.
Fourth, another contribution of this study is the method used to measure and assess BC in smooth pursuit. Previous studies have employed various methods to measure the speed of saccadic movements and smooth pursuit: some have used electro-oculography, an electrode system for measuring muscle activity of the orbit [13, 32] ; others have used a video system called videooculography [33, 34] ; and in one study, an infrared system was employed, which took the pupil as reference [35] .
All these systems analyze the speed of both eyes without assessing BC, that is, the difference in motility between one and the other. This is the distinguishing feature of the method applied in the present study as the video-oculography system employed analyzed each eye separately and evaluated the difference in motility between the right eye and left eye in smooth pursuit by means of a video processor. In addition, with the other systems described, subjects are seated when tested, which can affect spinal column position, the oculocephalic reflex, and, consequently, measurements of the oculomotor system. Therefore, the method employed in this study used a supine position to preclude as far as possible any undesirable effect on the measurements.
Last, it should be noted that in the present study all measurements were taken before subjects began work in the morning and again four hours later, in order to analyze the influence of visual effort in the most objective manner possible. In contrast, most of the studies described above did not take the time of the day when tests were conducted into account, which may have led to a significant bias in the results.
The limitations of this study should also be noted. For example, the BC assessment method has not been validated, nor have reliability tests been conducted; neither was an analysis performed of the subjects' ergonomic conditions at work. Moreover, a comprehensive analysis is required to clarify whether the type or intensity of the visual alteration or other factors could have affected the study variables.
Further research will be necessary to exhaustively assess the relationship between TTH and the various elements involved in the oculomotor system and to formulate new, more effective and specific strategies for the prevention, diagnosis, and treatment of TTH, taking visual effort into account.
Future areas of research could include a study of the relationship between the status of the extraocular muscles, binocular coordination, and the mechanosensitivity of the supraorbital nerve in other types of headaches, such as migraine, as well as validation of the BC assessment methods used in previous studies.
Conclusions
Compared with healthy subjects, subjects with TTH presented greater mechanosensitivity, a lower supraorbital nerve PPT, and greater pain at the MTP of the lateral rectus muscle, which was aggravated by visual effort involving computer use.
In addition, BC was affected by visual effort, and such disturbance was significantly higher in subjects with TTH than in healthy individuals.
Therefore, the present study represents an important advance in our knowledge of clinical variables that relate TTH to the oculomotor system. Building on this study, future research will be aimed at developing a new clinical perspective in order to identify a more specific and therefore more effective approach to the prevention, evaluation, and treatment of TTH based on the oculomotor system.
